The number of cases involving human death has increased due to scattered virus in the air. This has become a major concern on air quality, especially indoor air quality. The chemical compounds found in the building have limited exchange of outdoor and indoor, which results in building of contaminants such as CO2 emitted by occupants activity in the building. The usage of air conditioner is unable to removes pathogens because its only circulates in air within the area. Medical Centre has a very high potential to centralize the patient with diseases related to health problems such as asthma, respiratory and cardiovascular related-diseases. This study is conducted at medical centre of NDUM, in Kuala Lumpur. The number of patients admitted was compared to the level of CO2, temperature and relative humidity in the Medical Centre. The outdoor air index is collected from DOE Malaysia. Wireless Sensor Network (WSN) is used in this system as it can collect and disseminate the environmental data. Zigbee with 2.4GHz band is used as the wireless standard for the measurement. Sensors were attached to several points at the wall of the waiting room and were controlled by the PC module. Lab View is used to manage the data acquisition due to its ability to program a real-time system. The collected data of temperature, relative humidity and level of C02 determined the indoor air quality in the medical centre. This study brought to the assessment on the medical practice and the air quality that met the standard suggested by ASHRAE.
INTRODUCTION
Limited exchange of outdoor and indoor air can build up contaminations that cause harms to humans and living things. Indoor air quality is defined as the air quality within and around buildings and structures. It relates to the health and comfort of buildings occupants. This research is implemented at the medical center as it has a very high potential to centralize the patient with disease related to health problems such as asthma, respiratory and cardiovascular related-disease.
The aim of this study is to recommend effective guidelines for the control and management of medical center IAQ. The airborne pollutants that existed in this premise may affect our health from various degree of severity, ranging from sick-building syndrome (SBS) to building-related illness (BRI) [1, 2] . The ventilation requirement for all areas in the medical center is using the standard set by the American Society of Health, Refrigerating, and Air Conditioning Engineers (ASHRAE) [3] to compare the collected data and the IAQ in the targeted area.
Health Informatics Center, Ministry of Health Malaysia reported that in 2009, there were about 200,718 cases reported related to diseases linked to respiratory system [4] . The major risk factors of this disease are tobacco smoke, second hand tobacco smoke, allergens, occupational agents and indoor and outdoor air pollution. The respiratory health effects of pollution increase the mortality, cancer, symptomatic asthma attacks, and other disability to conduct our daily activities, due to health problems. Previous studies on air quality proved that the indoor air quality in hospitals, healthcare and medical centers have become concerned due to the role of these area as the center of health [1, [5] [6] [7] [8] [9] [10] [11] ].
Indoor Air Quality
Bad air pollutions can cause harm to human and living things. Chemical compounds can be found within the buildings in decorating items such as carpets and plywood. Most of the buildings use materials that contains high chemical ingredients, especially in paints, coatings, and carpeting [12] . Apart from that, limited exchange of outdoor and indoor air can build contaminants. Indoor air pollutants are the unrecognized killer in low and middle income countries. The most affected groups are children below the age of 5 and women because they are vulnerable and most likely to be exposed to indoor air pollution daily.
Continuous air pollution cause human pandemic such as influenza, severe acute respiratory system (SARS), Ebola and Avian flu. The symptoms of seasonal flu are related to the respiratory diseases such as cold, cough, flu, fever and muscle pain. The existence of the virus in air comes from the transmitted air by coughs or sneeze, which creates aerosols containing virus. Air pollution means, presence of one or more contaminants for temporal duration that can become injurious to human life, vegetables, and animal. Air pollution can be divided into two, which is indoor and outdoor. As for indoor air pollution, it involves closed public area, such as library, houses, and office. Meanwhile, outdoor air pollution comes from the presence of solid, liquid or gases in the outdoor environment that is potential harmful to health of the occupants. The problems in air quality affect the health and comfort of the buildings occupants. Figure 1 shows the composition of atmosphere. The atmosphere consists of different gases. Once the percentage of their composition changes, it means that the air is polluted. The pollution is caused either from the gases itself or from external sources such as dust or chemical compound. For indoor air, the CO2 is the main source for traces of gases, because of human activities in the buildings. The concentration of Building occupants is also an important factor to be considered as the factor in air pollution. It refers to the people or animals, which spend their time in the buildings. People itself also have the contaminated substances in their body which comes from respiratory disease, allergic, asthmatic or contact lens usage. This people are potential to brings disease and spread them to other through air. Some symptoms that attributes to air quality problems are cough, sneezing, dizziness, throat irritation or headache indoor CO2 level would affect the occupant's health and performance in a building [14] .Indoor air quality can be defined as the air quality within and around the buildings and structures. It relates to the health and comfort of the buildings occupants. To determine the indoor air quality, it involves the monitoring of human exposure to the pollutants, data collection of the air samples and the air flow in the building by computer modeling.
Indoor air quality can be defined as the air quality within and around buildings and structures [15] . It relates to the health and comfort of the buildings occupants. To determine the indoor air quality, it involves the monitoring of human exposure to the pollutants, data collection of the air samples and the air flow in the building by computer modeling.
Outdoor air quality is the amount of solid, liquid and gases that are presence in the open area which is commonly degraded due to the emission of gases and smokes from vehicles. The combustion in their engines produce polluted gases to the environment such as sulfur dioxide, hydrocarbons, nitrogen oxides and carbon monoxide. Air Quality Index (AQI) is used for measurement of the standardized number and color coded index, developed by Environmental Protection Agency (EPA) is given by equation below: Table 2 shows the description of the AQI based on their numerical value and differentiated by different colors. It converts raw data of pollutant level received from each node to pollutant standard. Usually, the pollution standard represents the pollution from gases such as CO, NO2, and SO2 (20, 0.15, 0.13 ppm respectively).
Environmental Parameters
Air monitoring system is used to manage and measure the air pollutants concentrations for the area of study. Air monitoring has a few purposes such as geographical distribution pollution, determination of air pollution trends, origin of the pollution, the effect of the pollution, compliance with air quality standards and the assessments of control. The units of these systems involved in monitoring stations, sensors, data collections, data transmission, and data control to collect the determined parameters in air. Various types of sensors are used to detect the absence of gases, changes in temperature and humidity in air.
At first, the amount and composition of pollution in the targeted area must be estimated and the background of the pollution levels must be studied.
The trends of the pollution are determined by the population movements and the density of the traffic. Continuous effort must be made to obtain data that will permit the evaluation progress.
With that, the data can be collected and analyzed. In the past, initial monitoring schemes used a single monitoring stations or small number of stations, often operated by different laboratories [5] . The possibility of virus transmission is very high, due to contact and the capability of the virus to survive in high humidity and transmit to others [17] .
Relative Humidity
One of the important environmental parameters that affect the IAQ is relative humidity. The relative humidity in confined area is measured in percentage, whereas it is ratio of the partial pressure of water vapor in the mixture, to the saturated vapor pressure of water at given temperature. According to standard given by ASHRAE the acceptable percentage of relative humidity is approximately 65% or less [18] .
Temperature
The other parameter to be considered in IAQ is, temperature. Physics define temperature as a measurement of the average kinetic energy of the molecule in an object of system and can be measured with a thermometer or a calorimeter. The expression of temperature is in ⁰C (degree Celsius) and ⁰F (degree Fahrenheit) depends on which country it applied the SI unit. The comfort level for indoor air temperature is between 23⁰C to 27⁰C [3] .
Carbon Dioxide
Meanwhile, US Environmental Protection Agency stated that CO2 is the primary greenhouse gas that is emitted through human activities. It is produced during the respiration of aerobic organism and exhaled in breath by living things. The main human activity that emits CO2 is the combustion of fossil fuel for energy and transportation, and also industrial processes. The amount of CO2 inside buildings will help in air circulation by means of lowering the level of C02, help the healthy ventilation in the building. The accepted indoor level of CO2 is below 1000ppm [18] .
Wireless Sensor Network
The wireless sensor network (WSN) is used to monitor the air pollution. The ability of WSN to collect and disseminate the environmental data has become a popular method to assess the indoor air quality because it is small and cost effective [19] [20] [21] [22] [23] [24] [25] . WSN works independently and provides real-time monitoring [20] .Sensor networks promise to revolutionize sensing in the application of a wide range of domains because of their reliability, accuracy, flexibility, cost effectiveness and ease of deployment [23] .
A proper wireless sensor network (WSN) topologies must be determined to reduce its cost and complexity and at the same time improve its reliability. There are four types of topology, peer to peer, star, tree and mesh. Peer to peer allows node to communicate directly with another node. This type of topology had limited ability to collect data, since it only covers small area.
Figure 2 Conceptual of WSN
As for the star, the server is connected to centralized communications hub. Tree topology work is the main communication router, which will allow the node to communicate from one main router. Mesh WSN is the common type of sensor used, since it allows data to transmit from one another, and can be self-healing. This type of network is the most complex and can cost a significant amount of money to deploy properly. This research used star topology based on the number of nodes and the area to be covered. Figure 3 shows the layout of the medical center of NDUM, which is located in Kem Perdana Sungai Besi, Kuala Lumpur. Sensor is placed in the middle of the waiting area. Several factors such as air flow and the location of the air conditioner was determined before the installation of the sensors. The average number of patient who visits this medical center is about 32 people daily. The results of patient who reported the symptoms of seasonal flu such as fever, cough, flu ad any respiratory problem is then compared to the current indoor air in this building.
METHODOLOGY

Building Analysis
Floor Plan
Figure 3 The medical center floor plan
This research is designed to collect data at the waiting area because the patients will wait and congregate here. There are two main doors to access the medical center. The main door is located in front of the medical center and another one is located at the rear. Both doors are kept closed during the assessment period. This medical center is operating for 15 hours, from 8am to 11pm daily. The measurement was taken continuously for 10 hours daily, from 8am to 6pm because that is the peak hour for patients to visit the medical center. The vicinity of the medical center is 3000mm height with 17050mm width.
Air Flow and ventilation system
The airflow in the medical center is limited because all of the windows are also closed with only two air conditioners operating at the waiting area (Figure 3) . The waiting area is provided with two air conditioning and two ventilation systems. The observation recorded no growth of mold at the wall, floor, ceiling or furniture in the waiting area. The ventilation system is very good because the sliding door is open all the time but the main door of the lobby is remained closed. Thus the air in the medical center has a very wide space to circulate. Figure 4 illustrated the location of node that was installed in the medical center. All nodes were placed in the waiting area at different point. The first node, CO2 was placed at the main door, second node temperature at the center of waiting area and the third node, relative humidity was placed near the back main door. During the measurement, all doors and windows are kept closed.
Hardware Analysis
Figure 4 Location of nodes at various points
The completion of this research is achieved based on Figure 5 . This research is initiated by the observation on the current situation and consciousness on the health and safety among Malaysian people, especially in medical center. After concluding the review, the research is continued by the planning on the ongoing work. As the selection of the material is very important, a longer time is taken to determine the materials to be used. A decision is arrived in using WSN system that is compatible with LabVIEW.
Based on literature review, this research comes with three parameters to be evaluated which are temperature, relative humidity and CO2. These parameters have a very strong conclusion with the recent studies about the seasonal flu. The objective of data acquisition is to transmit data from various sensors through wireless network to a computer by running LabVIEW. Block diagram shows the process flow on how WSN works. This WSN system used in this research is very simple and less complex because the objective of this research is to design an affordable indoor air quality system. As shown in figure  6 , the system only involves the host, receiver and transmitter.
The desktop that is fully developed with LabVIEW is the host that will keep all the data logged by the system. It is connected to the gateway that will sense the output collected by the sensor and logged them automatically to the system. The NI-WSN 9791 gateway will connect the remote NI-WSN nodes to the computer for data acquisition and control. Meanwhile, a programmable wireless receiver, WSN 3202 is connected to the sensor and acts as a transmitter.
A full NI-LabVIEW with WSN is developed to implement the experimental work. This system is designed to log and tabulate data for each 5 minutes. The data is collected daily from 8am to 6pm. The purpose of this method is because the selected medical center operates during between these hours. Meanwhile, the number of patient is most likely to peak during that period. Based on the observation, the number of patient is more during the on morning session than evening. This medical center also accepts, not only students and staff, but their immediate family members can also receive treatment at this center.
IEEE 802.15.4 has the ability for real-time data transfer. NI-WSN 9791 works as a gateway which connects the remotes NI-WSN nodes to the PC for data acquisition and control. The Ethernet becomes a bridge between wireless nodes and the PC. It connects to the host via the Ethernet cable to receive instruction from LabView.
This research is implemented in Medical Center of the National Defense University of Malaysia, a military academy in Kuala Lumpur. The number of patients who visit this medical center is about the average of 50 persons daily. As the data is collected by the system, the results are then compared to the medical report recorded by the medical center. The results of diagnose of the patients who suffer and show the symptoms of influenza will be examined.
Three sensors; temperature sensor, humidity sensor and CO2 sensor is mounted in the middle of the waiting area of the medical center. The sensor used is the CDT2000 -CO2 from HK Instruments. The specification of each sensor is shown in the Table 3 . 
Software Implementation
To obtain the output, 3 equation is constructed based on the specification of each sensors provided by the supplier. All the sensors are able to support 2-10V voltage output. Carbon dioxide, CO2 sensor can read from 400 to 2000ppm of concentrations in air. As for Temperature sensor, it can work at 0-50⁰C of the normal condition and for relative humidity the range is from 0-100%.The timer is included in the block diagram to set the data collection for each 5 minutes, (3000second/min). All the data collected is then exported to Excel. 
RESULTS AND DISCUSSION
Air Pollution Index
As shown in Figure 8 -10,, the graphs are for the collected index of the air pollution around Kuala Lumpur, provided by Department of Environment Malaysia. The selected area for this research is taken at Cheras-Sungai Besi area. Thus, the reading of air pollution was collected from the control station located in Cheras, Kuala Lumpur. The data was recorded by Ministry of Environment (DOE). Data was selected, from 6 am to 5 pm daily for 3 consecutive months to see the differentiation of each IAP between months and the current month. Blue graph indicates the morning reading; meanwhile the red graph shows the evening reading. As illustrated in the figures, all the graphs show that the API in the morning is higher than in the evening. This is due to the number of particles in air has increased and accumulated from the morning. The concentration of the ozone layer is high and will dominate the API in certain area (DOE, 2013). Overall, the API is moderate (51 to 100) and sometimes is unhealthy for sensitive group (101 to 150). At moderate condition, the air quality is acceptable, but still can affect the health of some patients who are unusually sensitive. Meanwhile, the unhealthy condition is not suitable for children, older people, people with lung infections, and people who work outdoor. As can be seen, at the end of June and July ( Fig. 8 and Fig. 9 ), the API reading exceeds 100. Meanwhile, August (Fig. 10) shows good to moderate reading of air pollution. The WSN was used to collect data on CO2 concentration, temperature and relative humidity for real-time monitoring and LabView is to display the data by charts. A typical sets of data collected is shown in Graph 4-7. For example, the CO2 concentration detected by the sensor exceeded 700ppm at 10am. Additionally, the temperatures were mostly over 28⁰C in the afternoon and briefly lower in early morning and late afternoon.
Indoor CO2 Concentrations (ppm) and Occupants And Patients In The Building
This data represents the similar pattern of the result for those 3 consecutive months. In this assessment the highest mean of CO2 concentration (e.g., 737.35ppm) was found in the morning. One possible cause for this observation may be the higher number of occupants and activity in the medical center. Figure 8 shows the data for a particular day for a day on June 2014, with average reading for the day is 592.80 ± 306ppm.The concentrations of C02 is higher in the morning compared to late afternoon, with difference of approximately 37ppm. For this day, the total number of patient that visits the medical center is 17 people.
More than 10 people reported in the morning and only 1 patient reported in the afternoon. In the afternoon, there were no patient in the medical center, thus the CO2 concentration decreases below 600ppm. The CO2 concentration is at peak after the total number of patient reported to the medical center exceeds 12 persons. This is due to the accumulated CO2 from the total occupants in the building. All readings show that CO2 concentration in the medical center passed the ASHRAE standards, with reading of average from 500ppm to 700ppm.
Compared to the data from Figure 8 , the API for the same day as this data, also shows significant results, whereas the API is higher in the morning compared to the evening. The API is calculated based on the data provided by DOE. Observations on Malaysians lifestyle proved that most of the pollutants are coming from various human activities such as transportation, industry and combustion. Due to the working hours from 8am-5pm, the API is at high during early in the morning and late in the afternoon. The usage of mobile transportation is at peak early in the morning (people go to work) and late afternoon (going back from work). Furthermore, the monitoring stations are located in the center of the town, thus maximum data of pollution is collected. A good temperature and relative humidity will determine the thermal comfort of the occupants in a building. Relative humidity and temperature have a strong relationship to the occupants comfort whereas, higher temperature increase the evaporation rates. Meanwhile, higher relative humidity can encourage the growth of mold and mildew. As for humans, higher relative humidity will make the occupants feel chilled in cold weather and hot and sticky in warm weather. Relative humidity on this particular day shows that the percentage of the relative humidity is higher in the morning and late evening, up to 76%. Both periods show that the relative humidity has exceeded the suggested standard by ASHRAE, 65%. Since this value categorized as high relative humidity, the observation recorded many movements and some occupants begun to feel uncomfortable. As most patients come in the morning and late afternoon, the evaporation of C02 gases increases the water vapor in the building. Therefore, the relative humidity in the medical center is high in the morning and late afternoon 
Ventilation
In hospitals, air conditioning can affect the transmission and distribution of infectious agents [8] .
The main air flow in this medical center is the main door and its air conditioning system. The airflows enter and leave the medical center through main doors and its ventilation system. As occupants breathe, they use up available oxygen and replace it with carbon dioxide. Although elevated carbon dioxide levels are generally not dangerous, this type of scenario can make patients uncomfortable and drowsy. So, it directly affects patient`s health. Based on the observation in the medical center, patients were comfortable. Throughout the monitoring period, the indoor concentration of CO2 is ranged between 550ppm to 750ppm, which is below ASHRAE standard guidelines.
CONCLUSION
The results show that the relative humidity increases when the number of patient who are affected by seasonal flu symptoms increases. The number of patient present in medical center are also affect the concentrations of CO2 level, whereas the number of C02 gases are increased due to human activity and patients present in the building. The alertness of air quality among the people in Malaysia is still need to be investigated. Thus, this system is highly recommended to be installed in public areas, especially in medical center, whereas it is one of the main places for people to gather and receive treatment. As we mix among each other, thus there is high potential for the seasonal flu viruses to be spread aggressively, through air. This project may bring a success to research in increasing the indoor air quality in medical center by recommending the right standard. Further investigation with longer time duration of data measurement is needed to be done to examine the indoor air quality of this medical center. It is recommended that the particle matter is measured. Meanwhile, the occupants comfort can be examine by conducting thermal comfort survey.
